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SUMMARY 

In an effort to assist the states in adapting the National water quality criteria to local conditions, 
EPA has proposed a series of protocols for consideration. One of the protocols, referred to as the 
State Resident Species Recalculation, modifies the National water quality criteria to reflect the state 
resident species composition. With the protocol, state water quality criteria may be calculated without 
the need for additional toxicity testing. 

The state Resident Species Recalculation Protocol is implemented in this report. The report in- 
cludes: a survey of the published literature on the geographical distributions in the United States of 95 
freshwater species in the national data base; and a recalculation of state water quality criteria for 21 
toxic chemicals whose national water quality criteria have been published by EPA. 

Only five percent of the 21 chemicals have met the minimum data requirements on the national 
level. The state data base is used to recalculate the maximum water quality criteria even when ail of 
the data requirements are not satisfied. Sixty-five percent of these have state criteria which are more 
stringent than the national criteria. The recalculated instantaneous maximum criteria have been ob- 
tained by extrapolation for ail cases but two (copper criteria for Maine and New York). The validity of 
the state water quality criteria is largely dependent on the correct representation of the sensitivity of 
the state resident population by the resident species data base. Within the framework of the current 
guidelines and the resident species recalculation method, the results of this study may always be 
modified with additional toxicity data. 



SECTION 1 
INTRODUCTION 

1.1 BACKGROUND 

In the Federal Register of 28 November 1980, the Environmental Protection Agency (EPA) an- 
nounced the availability of criteria documents for 64 of the 65 pollutants designated as toxic under 
Section 308 (a) (1) of the Clean Water Act. Water quality criteria for 25 of these 66 designated 
pollutants were first published In "Quality Criteria for Water” (U.S. EPA, July, 1976), the “Red Book.” In 
a continuing effort, EPA has revised and expanded the original water quality criteria for the designated 
toxic pollutants (43FR21506, 18 May 1979; 43FR19028, 5 July 1978; 44FR15926, 15 March 1979), leading 
to the availability of the criteria documents announced in 1980. 

Numerical national water quality criteria have been derived by EPA for 21 of the 65 chemicals ac- 
cording to guidelines also published in the Federal Register of 28 November 1980 (45FR79316). These 
national criteria are based upon standard toxicity tests performed in the laboratory with a variety of 
aquatic species whose combination meets the minimum data requirement (to be discussed In Section 
2.1.1). 

A subsequent modification to the guidelines published in the Federal Register includes: use of 
family rather than species as the biological unit upon which the Final Acute Value (FAV) and the Final 
Chronic Value (FCV) are based; a change in the minimum data requirement; and a change In the 
method of regression analysis used for calculating the FAV and FCV. The remaining sections of this 
report, and the Appendices, are based on this revised methodology. 

In recognition of the fact that local environmental conditions may affect the toxicity of a pollu- 
tant, EPA intends to give flexibility to the states In the application of the published national water 
quality criteria by giving them the option of modifying the criteria through a site-specific analysis. In 
the context of this report, the term “site-specific” will be used synonymously with the term “state- 
specific.” 

In an effort to assist the states in adapting the national criteria to local conditions, EPA has 
developed a series of protocols (Figure 1.1) whereby the laboratory-based water quality criteria may be 
modified by taking local variation in species composition and water chemistry into account. The first 
protocol, which is designed to take resident species composition into account, is the subject of this 
report. This protocol will henceforth be referred to as the recalculation procedure. The remainder of 
this report is based on: 
l a survey of the literature on the geographical distribution in the United States of selected freshwater 

fish and Invertebrates, and 
l a recalculation, based on the aquatic species resident In a given state, of the state water quality 

criteria for the 21 chemicals whose national water quality criteria have been published. 

1.2 ORGANlZATlON 

The methodology used In this report is outlined in Section 2. The results are presented in Section 
3 and in the Appendices. A discussion of the results will be found in Section 4. 



Figure 1.1 Protocols Proposed by EPA for Site-Specific Criteria Modification 
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SECTION 2 

APPROACH 

2.1 THE TWO-NUMBER CRITERION 

The national criteria for the protection of freshwater aquatic life specify both maximum and 
30-day average values (the two-number criterion). The cumulative duration of excursions above the 
specified 30-day average value is limited to 96 hours in any 30 consecutive days. This two-number, 
three-part format of numerical water quality criteria is intended to provide adequate protection for 
aquatic life and its uses for both long-term, nearly constant, continuous exposure situations, and 
situations of fluctuating concentration including intermittent exposures. The two-number criteria were 
derived using the revised methodologies (Guidelines) discussed in Section 1. 

2.1.1 The Maximum Value Criterion 

The maximum value criterion (also referred to as the Final Chronic Value, FCV) is obtained by 
dividing the Final Acute Value (FAV) by the lower of (a) 2, or (b) the acute-chronic ratio. The FAV is 
defined as the value which will protect 95 percent of the aquatic organism families in the national data 
base from acute toxicity. 

The acute toxicity data used for the calculation of the FAV should cover at least eight different 
families such that all of the following are included: 

1. the family Salmonidae in the class Osteichthyes, 
2. one other (preferably warm water) family in the class Osteichthyes, 
3. one other family in the phylum Chordata (e.g. fish, amphibian, etc.), 
4. a planktonic crustacean (e.g. cladoceran, copepod, etc.), 
5. a benthic crustacean (e.g. ostracod, isopod, scud, glass shrimp, crayfish, etc.), 
6. an insect (e.g. mayfly, dragonfly, damselfly, stonefly, caddisfly, mosquito, midge, etc.), 
7. a family in a phylum other than Arthropoda or Chordata (e.g. Rotifera, Annelida, Mollusca, etc.), 

and 
8. a family In any order of Insect or any phylum not already represented. 

2.1.2 The 30-Day Average Criterion 

The 30-day average value is defined as the lowest of the following: Final Chronic Value (FCV), 
Final Plant Value (FPV), and Final Residue Value (FRV). The FCV may be defined by any of the follow- 
ing: 

1. the value which will protect 85 percent of the national aquatic organisms from chronic toxicity, 
with the national aquatic organism population represented by the species in the national 
chronic toxicity data base; or, 

2-1 



2. the value obtained from dividing the FAV by the acute-chronic ratio; or, 
3. the species mean chronic value of an Important species, such as a commercially or recrea- 

tionally important species. 
The acute-chronic ratio is the representative value which characterizes the acute sensitivity of a 

specks relative to its chronic toxicity. 
The FPV is defined as the lowest value in a chronic test with an aquatic vascular plant or in a 

96-hour or longer test with an alga. The FRV is calculated by dividing a maximum permissible tissue 
concentration by an appropriate bio-concentration factor. 

The national 30-day average criteria and the corresponding FCV, FPV and FRV are listed in Table 
2.1. There is no 30-day average criterion for Aldrin, Arsenic or Silver. Acute-chronic ratios are available 
for 15 chemicals, thus permitting calculation of the FCV from the FAV. The FAVs for Copper and Lead 
were also calculated from chronic toxicity data using the revised methodology. Although the acute 
toxicity of Zinc is hardness dependant, chronic Zinc toxicity is relatively unaffected by hardness. 
Therefore, instead of setting a 30-day average criterion based on the FAV and the acute-chronic ratio, 
a value of 47 mg/l was chosen because it represents the chronic value of both a sensitive invertebrate 
(Daphnia Magna) in hard water and a moderately sensitive fish (Flagfish) in soft water. The FCVs in 
Table 2.1 were calculated using the revised methodology, therefore, they do not necessarily agree with 
those published In the Federal Register of 28 November 1980. 

2.2 RECALCULATlON OF SITE-SPECIFIC CRITERIA 

According to the recalculation procedure, site-specific fresh-water aquatic life criteria may be 
modified without any additional toxicity testing. The modification procedure may be outlined as 
follows: 

1. select the appropriate resident species toxicity data from the national data base, 
2. calculate the FAV using the site-specific data base and the revised methodology, 
3. define the site-specific maximum criteria by dividing the FAV by the lower of (a) 2, or (b) the 

acute-chronic ratio, 
4. calculate the FCV by either or both of the following steps: 

(a) calculate the FCV by dividing the recalculated FAV by the acute-chronic ratio, or 
(b) If the national FCV is calculated from chronic toxicity data, calculate the FCV using the 

resident species chronic toxicity data, and 
5. define the 30-day average value by salacting the minimum of the FRV, FPV, and the 

recalculated FCVs. 
If there are not enough resident species In the national toxicity data bass to meet the minimum 

data requirement, additional resident species bioassays in laboratory water may be needed in order to 
apply this procedure. The States should decide on the data requirements appropriate for each situa- 
tion. 

The two-number national criteria have bean developed by EPA for 18 chemicals. The derivation of 
site-specific (state-specific) criteria for these same 18 chemicals is presented In this report. In addi- 
tion, site-specific maximum criteria have been calculated for three other chemicals for which only na- 
tional maximum criteria are available. 
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Tabk 21 Natknal30-Day Avaraga Crlkfla 

Chemical 

Final Final 
Final Chronic Value1 Residue Plant map 

Type 1 Type 2 Type 3 Value Value Averane 

Aldrln 
Arsenic 

Cadmium exp(l.O5(inH) - 2.g3p 
122 

Chiordane 3.ww4.0 
Chromlum 24327172.0 

exp[0.fM(lnH) - O.t%5] 
5.76 

5.0 

Cyanide 
DDT 
Dieidrln 
Endowifan 
Endrin 
Heptachior 

a.Ei5G4.5 - 
- 

EE 
0:44XY4:0 

- 

exp(l.22gnH) - 2.61 
69.9 

exp(2.35(lnH) - 10.41 

LIndano 6.43Y25.0 - 
Mercury 0.94013.0 - 

Nlckei exdO.le(rnH) + 4.191 
19.4 

PcB’8 - - 
Selenium 155.2g7i7.5 - 
Silver - 
Toxaphene 1.07u123 - 

Zinc exf$0.53(lnH) + 2.511 
3.0 

‘Type 1: Calculated by dlvldlng FAV by acute-chronic ratio. 
Type 2: Calculated from toxicity data ba8e. 
Type 3: Obtained from chronic value of Important specie& 

*FCVl: Final Chronic Value, Type 1. 
FCVP: Final Chronic Value, Type 2. 
FCV3: Final Chronic Value, Type 3. 
FRV : Final Residue Value. 
FPV : Final Plant Value. 

- 

47.0 

wu 

260 

0.0043 

0.001 
0.0019 

0.0023 
0.0036 

0.20 

0.014 

0.076 

WU 

150 

10 

0.3 
100 

475 
25.7 

l,ooO 

0.39 

ACR 

FRV 
FCVl 

FCV2 

FCVl 
FRV 
FRV 
FCVl 
FRV 
FRV 

FCVP 

FCVl 
FRV 

ACR 

FRV 
FCVl 

FCVl 

FCV3 

‘H: Hardno as mgll CaCO,. 



The geographical distrtbution of those species in the national acute and chronic toxicity data 
bases is required for the calculation of the site-specificwater quality crlterla. The approach taken in 
finding the species distributions Is described in Sectlon 2.3 and the calculation of the state maximum 
value crtterta is described In Section 2.4. The calculation of the state today average criteria is dis- 
cussed in Section 2.5. A sample calculation which Illustrates all of the procedures involved Is 
presanted In Section 2.6. 

The geographical distrtbution of those species in the national acute and chronic toxicity data 
bases is required for the calculation of the site-specificwater quality crlterla. The approach taken in 
finding the species distributions Is described in Sectlon 2.3 and the calculation of the state maximum 
valw crtterta is described In Section 2.4. The calculation of the state today average criteria is dis- 
cussed in Section 2.5. A sample calculation which Illustrates all of the procedures involved Is 
presanted In Section 2.6. 

23 BPECIBB WBTRlBlJl’ICN 

There are 95 biological species represented in the national toxicity data base for the 21 chemicals 
discussed In this report. These species are listed in Tables 1 and 3 of each of the crtterta documents 
(U.S. EPA, 1980). Of these 85 species, 48 are fishes and 47 are assorted invertebrates. The species 
tested in order to develop acute toxicity data for each of the 21 chemicals are listed in Table 2.2. 

The classification of these species by family, order, class, and phylum Is presented in Appendix 
A. Appendix A, reproduced from “Guidelines for Deriving Numerlcal Natlonal Water Quality Criteria for 
the Protectlon of Aquatic Life and Its Uses” (U.S. EPA, 1882), Is essential for calculating the family 
mean acute-chronic values from avallaMe species toxlctty data, as well as for checking the family 
composition of the toxicity data base against the minimum data requirements (Section 2.1.1). 

A literature survey was conducted on the distrtbutlon of these species In the United States. The 
principal reference for Identifying the dlstributlon of the listed 48 fish species was the “Atlas of North 
Amertcan Freshwater Fishes” (Lee et al., 1980). A comparable document is not available for in- 
vertebrates. Twenty references were used to identify the geographical distribution of the 47 ln- 
vertebrate species. A list of invertebrate species and the references used to identify their distribution 
is presented in Table 2.3. The information In Table 2.3 results from an extensive survey of the literature, 
however, this information should not be considered definitive as voids may exist in reporting the oc- 
currenca of some species, partlcularty those which are not of high commercial value. 

Since there is no convention for recording the geographic distribution of species (i.e., whether by 
state or by river basln drainage or by other gaographlcal features), several formats are seen In the 
literature. For the purposes of thls report, the state was salected as the most appropriate geogmphical 
dellmlter. 



tabk ii.2 List d Spmchs Names In the Acute loxklty Data Baas 

X 

worm (Llmnodtltus Noffmsk1ul~ 1 X X 

Snsll (Amnkols So.1 X X I 

I X X I 
Nllrmm(osphtllsculr) I X 

cmocmmn-w x x x x x X xxxxxxx x x x x 

CW0-MmW.N x x x x x x x X X X x x 

-iDWh”heu(lcu(r) I X 

asdowmn @lmowpmus sswuls1us) x x x x x x x X X 

Sad Shdmp D vm.l X 

coowod llfnlddll~ X 

lulpod Wlus Bmkm’dw X x x X X 

Iwpod tAaalllm Communk) I X I 

lx X x x x x x X X x I 
7 

scud @unmuus bcusttk) X X x x x x x X X 

Scud Kkmmvur FwudoIlmnuus~ X x x x X X x x 

scud (onnun# NJ.) I X X x x X 

&I’d (Nyswls Mus) X 

Craytlrh (Famnoll~ Clypntab 

Cmyflsh (Omnutrr Nolo) 

alnsahtlnlp(Fskmmaa-~) Ix X x x x x 

Maymy (Ephomomlk omdw IX X x x X -+ 

Mavtlv lEDhomu.l IS subvulu I x x I 



I -whmlm&.~ I X I 

Ylltgs(cNnwmu~.ntMs) I X 

Mld@s (CNronomu w X X X X 

I wdmo(T- Dbotmlll.) I X X x x I 

I - w tAnmullta mootf.ta~ Ix x X X x I 
CdbOSdtIOlt~~) X X X x x x x x x x x 

socwe-m- I X 

chlnwksdnon @amywhwl~X xx x xx xx x x x 

CutmfwTloutwmCLUII) X X X X 

MblbOW1tOUtQklmoQ&OllUl) xxxxxxxxxxxxxxxxxxxxx 

Atkntk&lmontSdmo8Ju) I X X 

crown mut (sums nutta) X X X 

Brook Trout tS&vdlnua Fontlnallr) I xxxxxxx X x x X x x 
wu lmut ftlshdlnus Nuruyc~) I X 

NOtthWlFWO8SWL’@W X 

&WUOlbt-Anomrkwn) I X X 

adetlotl w Aumtw xxxxxxxxx x x x x X X x x 

cuo(cYmu’scuDkl Ix x x X X X X x x 



Notthsm Nsaolty oscs ehoxlm’s Eos) X 

Bhmtnoss Ylnnow tplmwan Notm’s) X X X 

Fathnd Mtnnow W Fmm.W xxxxxxxxxxxxxx xxxxxx 

-8oru*rwlh -lu) X 

ebckmss Dam (mhkhthys Atmlulus) X 

8pockbd Daw (WJnkMhyl OscuW X 

cmsll chue @omotlkls Momawbtus) X 

whltealJcku -commrronO X 

ebck eullhnd octsluM Msbs) X X X 

&awn Bullhed (kwutus Nse’lbsus) X 

chMnslcstflsh(Icwun*~tw) X X X x x 

em&d Kltllfkh Ftlnduhm DtaPhuw X X X X X 

Fb@fhhtJotdmdbFkr#o) x x X X x x X 

uorgultofbh @mtbusb Afflnb) X X X X 

C~UPPY Paodlb Na@k”btsl X xxxxxxxxxxxx X x x 

8outhsm Fbtyfbh Q(lohophoMM~t’Js) X 

&ookStklctobwk(Cut000Inmn8t~~) X 

nwossplno St- macaws X X 

whltohchtMofons- X X X X X 
1 

strlpsd 64ss (Mofons hlatlllr~ X X x x X X 

Rock Bass tAmekPmu NuPsolfb) X 

Qmn Sunfbh (Lopomb Quutlw) X x x 

---b-W X X X X X 

Bluo#lll (bpomb Memnchlnm) xxxxxxxxxxxxxx X x x x x 

Loqsu 8unfl.h wb M.@alOW X 

Nsdsu 8unfl.h m MktoWhus) X X X X 

Lsqmmth Boss Wkroo(wur -1 x x x X xx x 

Bbch Cmwb Pomxh Nlgcomrcu(rh*) X 

Nslnbow Oulu EthooWms CSUUbUlW X 
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24 CALCULATION OF MAXIMUM VALUE CRKERIA BY BTAlE 

2.4.1 Procedures 

The calculation of state aquatic life criteria is based on the information in state resident species 
lists, and on the species toxicity data for the derivation of national water quality criteria, as presented 
in “Guidelines for Deriving Site Specific Water Quality Criteria for the Protection of Aquatic Life and 
Its Uses” (U.S. EPA, 1982). 

2.4.1.1 Maximum Value Criteria Independent of Hardness 

Calculation of the maximum value criteria, for those chemicals whose toxicity Is independent of 
hardness, is done according to the following procedure: 

1. Using the EPA criteria document for the toxic chemical of interest, select from Table 3 the 
Species Mean Acute Value (SMAV) for each species resident in the state. 

2 For each family with one or more SMAVs available, calculate the Family Mean Acute Value 
(FMAV) as the geometric mean of the available SMAVs. 

3. Calculate the state Final Acute Value using the procedures outlined below which are dis- 
cussed in “Guidelines for Deriving Numerical National Water Quality Criteria for the Protec- 
tion of Aquatic Life and Its Uses” (U.S. EPA, 1982): 
(a) Order the FMAVs from low to high. 
(b) Assign ranks (R) to the FMAVs from “1” for the lowest to “N” for the highest. If two or more 

FMAVs are identical, arbitrarily assign them successive ranks. 
(c) Calculate the cumulative proportion (P) for each FMAV as RI(N + 1). 
(d) Select the four FMAVs which have cumulative proportions closest to 0.05 (if there are less 

than 59 FMAVs, these will always be the four lowest FMAVs). 
(e) Using the selected FMAVs and Ps, calculate the following coefficients: 

M’ = YP) - (@m/4) 
yin FMAW - (@(In FMAV)p/4) 

(2.1) 

si = @(In FMAV))I4 (24 

(2.3) 

(9 ths Stare FAV is defined as: 

FAV = eA (2.4) 

withA=ii+,v (2.5) 



4. the state maximum vaius criteria is defined as the larger oh 

(a) (State FAvy2, or 

(b) (State FA~(acuts-chronic ratio) 

24.12 Maximum Vaiue Criteria as a Function of Hardnesa 

Hardness has been shown to affect the acute toxicity of six chemicals: Cadmium, Copper, Lewi, 
Nick& Sfhsrr and Zinc. Themfore, criteria for these six chemkais are determined according to a finai 
acute equation which expresses the FAV as a function of hardness: 

FAV = exp(v(ln(H)) + z] (27) 

whets H is the hardness expressed as mg/i of CaCfI,, v Is the mean acute slope, and z Is ths flnal acute 
intsrcept. The parameter v Is deflnsd as ths arlthmetk msan of all the msanlngful rcuts slopes for in- 
dlvidual8pecies (4SFfWW4,2S Novsmbsr 198a). Ths acute slope for an indfviduai 8pecles is defined 
as the SW of the best fitted Iins when the spsoies acute values are pktted against the hardness con- 
centration in a kg-kg plot. In othsr words, for a glvsn chsmkal the constant value v is assumed l p 
plkabfe to all spsclss in ths acute toxklty data. Whsn cakulatlng the state maximum vaius criterta, 
the same vaiue of v as used for ths national cakulatkn was used for the stats& 

The caiculation of a state maxlmum vaiue criteria Is accomplished as follows: 

1. Using the EPA criteria document for the chemical of interest, select from Table 3 the species 
which ars rssident in a particular state and record the Specie8 Mean Acute Intercept (SMAI). 
The SMAI was calculated as the gsomstric msan of ths available intercepts (y), wlth y defined 
as: 

Y = w/@w Iv(ln WI (2s) 

where w = the reported LG.,, shown in Tabie 1 of the crtteria document. 
V = the mean acute slope for the hardness depmdmce functkn shown at the bottom 

of Tabie 1 of the criteria document. 
H = hardness concentration at which the bioassay was conducted, in mg/i CaCO,. 

2. For each family with one or more SMAls avaiiabie, calculate the Family Mean Acute intercept 
(FMAI) as the geometric mean of the avaliabie SMAis. 

3. Calculate the coeffkients Y, j7, and M for the state Final Acute Equation using the procedurs 
(“a*’ through “e”) outiinsd in Ssctlon 2.4.1.1, substituting “FMAI” for “FMAV”. 

4. The state Final Acute Equation Is defined as: 

FAV = exp[v(ln (H) + A] c2.s) 

240 



whereA=ii+ ’ - , Y# (2.10) 

and v = mean acute slope for the chemical discussed In step “1”. 

5. The state maximum value criterion is defined as the larger of: 

(a) (state FAV)Q, or 

(b) (state FAV)I(acutechronlc ratio) 
(2.11) 

2.4.2 Computer Program 

An interactive FORTRAN program (FOURSTATE) was used to calculate the state maximum value 
criteria. The program is an extended version of a computer program developed at the U.S. EPA En- 
vironmental Research Laboratory in Duluth. The Duluth computer program calculates final acute 
values by the method described in the Federal Register of 28 November 1980. The Duluth program was 
modified to include the following capabilitles: 

1. Select resident species data from the national data base for any given state, 
2. calculate the FMAV of the available resldent species, 
3. calculate the FAV using the modified methodology, and 
4. check the modified state data base against the modified criteria of the minimum data 

requirements. 

The program operates on five data files: 

ACUTE1 .DAT Data file of species acute values (LCW or EC,,) as reported In Table 1 of the 
criteria documents. The only exception is the species acute value for 
Silver for Speckled Date (Rhlnichthys oaculus) which is changed from the 
published 02 @i to 20.0 @I. 

SPECIES.DAT Data file of the species names, their ID numbers and their family ID 
numbers. This llat contains all species for which an acute toxicity value 
was recorded for the 21 chemicals. 

FAMILY.DAT Data file of family names and their ID numbers. 

CHEMNAME.DAT Data file of 21 chemical names, 18 If which have twevalue freshwater 
aquatic life criteria, and thrse of which have maximum criteria. 
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SRES.DAT Data file of the resident species in 48 states (Hawaii and Alaska not in- 
cluded); both state and species are represented by their ID numbers. 

STATENAME.NEW State names of the 48 states for which the freshwater aquatic criteria have 
been calculated. 

The three data files-ACUTEl.DAT, SPECIES.DAT, CHEMNAME.DAT-were furnished by the U.S. 
EPA Envlronmental Research Laboratory in Duluth. 

2.5 CALCULATION OF THE STATE SDDAY AVERAQE CRITERION 

2.5.1 Procedures 

The 30day average criterion is defined as the minimum of the FCV, FPV or FRV. The three 
methods used in deriving the national FCV were aiso used for dsrlvlng the corresponding state FCV. in 
cases whsrs the nationai FCV was deriti by divfdlng the national FAV by the acutechronic ratio, the 
state FCV was derived by divldlng the state FAV by the acutechronk ratio. For a given chemical, the 
constant acute-chronic ratio pubiished in the criteria document was used for all states. In the case 
whers the national FCV was dsrived from a chronic toxicity data base, such as Copper and Lead, the 
same methodology used for calculation of ths FAV (Eqwtion 28) was used for calculating the state 
FCV based on the state reddent family chronic toxicity data. The state resident family data bass used 
for ths FCV calculation was calculated by one of ths following methods: 

1. When chronic toxicity is in-t of hardness: 
(a) Select the Species Mean Chronic Vaiw (SMCV) of the state residsnt species from the 

national chronic toxicity data base. 
(b) For each family with one or more SMCVs available, calculate the Family Mean Chronic 

Vaiw aa the geumetric mean of the available SMCVs. 

2 When chronic toxicity is a function of hardness: 
(a) Seiect the Species Mean Chronic Intercept (SMCI) of the state resident species from the 

national chronic toxicity data base. 
(b) For each family with one or more SMCI available, calculate the Family Mean Chronic In- 

tercept (FMCI) as the geometric mean of the available SMCls. 

2.5.2 Computer Program 

Whene~ sufficient information was available, the computer program was used to calculate five 
vafuss-thrss FCVs, FPV and FRV-for each state. The cakulatkns were dons for 18 chemkais (no 
30day average criteria were available for Aldrfn, Arssnk and Slm 
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The variation in state resident species would affect two of the FCVs: 

1. FCV calculated as FAV divided by acute-chronic ratio, and 
2. FCV calculated from the state chronic toxicity data base. 

The program reads each of these five valuss for the specified state and chemical. If a value is not 
available, it is set to an arbitrarily high number (ssss.0) so that it will not be chosen as the minimum 
value. The program then simply compares all five values and chooses the minimum. 

26 SAMPLE CALCULATION 

The calculation of the freshwater aquatic life criteria for Chlordane and Nickel for the State of 
Pennsylvania are presented to illustrate the recalculation method. 

2.0.1 Chlordane Criteria for Pennsylvania 

1. The Maximum Value Criterion 
The starting point is the national acute toxicity data base for Chlordane (Table 2.4) where 

species ID numbers, names and their species mean acute values are presented. The species 
ID number is given in the column “SNO” and the species mean acute value In the column 
“LC50,” with units of Ml. With the aid of the resident species list for the State of Pennsyl- 
vania (Table 2.9, the resident species toxicity data for the State (Table 2.6) are then readily 
prepared by selecting the data for resident species from Table 2.4. The eight species in Table 
2.6 represent five families (see Appendices A and D-3). The family acute toxicity table for 
Pennsylvania (Table 2.7) Is prepared by calculating the Family Mean Acute Value (FMAV) for 
each of the eight species shown in Table 2.6. The FMAV is defined as the geometric mean of 
the available species mean acute values for species belonging to the family. For example, 
carp, fathead minnow and goldfish all belong to the family of Cyprinidae. The FMAV for 
Cyprinldae is then calculated as: 

(3.0 x 51 .o x 32.O)W = 232 (2.12) 

where 3.0,51.0 and 82.0 are the species mean acute values of the three species. 

Of aquatic organisms resident in Pennsylvania waters, the four families most sensitive to Chlordane, 
their rank, cumulative proportion and FMAV are: 
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fbnk 

T-2.4 NatlanalAeuteToxWtyDatator~ 

LCSO LN LC50 SNO species 

(roll) 

1 3.oooo 1.0986 
2 8.3245 1.8444 
3 15.0090 2.7080 
4 25.4808 32379 
5 2aoooo 32581 
6 39.9999 3.6999 
7 44.9999 3.8067 
0 51.0134 3.9321 
9 54.7111 4.0021 

10 55.9999 4.0254 
11 56.9999 4.0430 
12 58.2605 4.0669 
13 81.8898 4.4067 
14 199.9997 5.2470 

2.0 3.0 4.0 5.0 6.0 7.0 
9.0 10.0 11.0 14.0 15.0 16.0 

20.0 21.0 24.0 25.0 28.0 30.0 
32.0 33.0 40.0 41.0 43.0 45.0 
50.0 9.0 53.0 56.0 58.0 60.0 
62.0 63.0 64.0 66.0 67.0 66.0 
70.0 71.0 73.0 74.0 70.0 77.0 
79.0 00.0 81.0 86.0 87.0 88.0 
90.0 91.0 92.0 93.0 94.0 95.0 
97.0 96.0 99.0 101 .o 102.0 4.5 

68.0 
31.0 

2X 
22.0 
21.0 
61.0 
73.0 
93.0 
54.0 
56.0 
13.0 
67.0 
84.0 

Carp (Cyprtnus cerpio) 
Glass Shrimp (Palaetmonetes kadlakensis) 
Stonefty (Pteronarcys catifornlca) 
Rainbow Trout (Salmo gairdneri) 
Scud (Gammarus tacustris) 
Scud (Gammarus fssciatus) 
Brook Trout (SalvelInus fontinalls) 
Fathead Mlnnow (Ptmephales promelas) 
Blueglll (Lepomis machrochirus) 
Coho Satmon (Oncorhynchus klsutch) 
Chlnook Salmon (Oncorhynchus tshawytscha) 
Cladoceran (Daphia magna) 
Goldfish (Carassius auratus) 
Guppy (PoecIlia retlculata) 

a0 

18.0 
31.0 
47.0 
61.0 
89.0 
70.0 

ii:: 
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Tsble 28 Pennsyfvania Resldenf Spscks Toxkity Data for Chkrdane 

Rank LC50 

(rm 

LN LO SNO Species 

3.oooo 1.0986 
8.3245 1.8444 

25.4808 3.2379 
39.9999 3.6889 
44.9999 3.8067 
51.0134 3.9321 
54.7111 4.0021 
81.9988 4.4067 

88.0 
31.0 
58.0 
21 .o 
81 .o 
73.0 

iif:: 

Carp (Cyprinus carpio) 
Glass Shrimp (Palaemonetes kadiakensis) 
Rainbow Trout (Salmo galrdnerl) 
Scud (Gammarus fasciatus) 
Brook Trout (Salvelinus fontinalis) 
Fathead Minnow (Plmephales promelas) 
Bluegill (Lepomis macrochirus) 
Goldfish (Carassius suratus) 

Tabk 27 Pennsyfvsnls Family Acute Toxklty Tsbk for Chkrdane 

Rank FLCSO 

(roan) 

LN (FLW) FNO Family 

1 8.3245 1.8444 
2 23.2384 3.1458 
3 33.8820 3.5223 
4 39.9999 3.888g 
5 54.7110 4.0021 

27 
40 
38 

Palaemonidae 
Cyprinidae 
Salmonldae 
Gammarldae 
Centrarchtdae 
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R P FMAV Family 

(ronI 

1 0.17 

x 0.50 0.33 
4 0.87 

8.32 Palalmonldae 

33.88 23.24 Cyprlnldae Salmonldae 
40.00 Gunmanldae 

1. wlth P calculated as W(N + 1) whsm N Is the total number of families In the State toxlclty data 
base, which Is five in this case. Using the values of FMAV and P for the four most sensitive 
famllles, the coefflclents M, E, rand A needed for the State Final Acute Value (FAV) can be cal- 
culatsd by applying ths formula suggestsd In the revlssd methodology: 

M’ = m - Im~41 
X[ln FMAW - [@(In FMAV))Y4] 

= 0.044 Q-13) 

ii = P(ln FMAV)Y4 = 3.05 Q-14) 

The FAV is: 

FAV = & = S.lOrg/l c2.W 

Ths State maxlmum value criterion is dsfined as the State FAV divided by the smaller of 
(a) 2, or (b) the acute-chronic mtio. since ths acut~hronlc ratlo for ChIordans Is 14 02), the 
maxlmum valus crlterlon for Chlordans for the State of PennsylvanIa Is 1 .&!I, which Is the State 
FAVdMdedby2 



2. The 3GDay Average Criterion 

The 3Oday average criterion is defined as the minimum of the Final Chronic Value (FCV), 
the Final Residue Value (FRV) or the Final Plant Value (FPV). There Is no FPV available for 
Chlordane. The FRV is O.tlO43 rg/l (see Table 2.1). The flnal chronic data set Is not sufficient for 
the calculation of an FCV. The acute-chronic ratio for Chlordane is 14.0 (see Tsble 2.1) which 
gives an FCV for Pennsylvania of 0.22 rg/l, calculated as 3.1CY14.0, where 3.10 Is the FAV for 
Pennsylvania. Comparlng 0.22 rg/l (FCV) wlth 09043 rg/l (FRV), the 3Oday average criterion for 
Chlordane for the State of Pennsylvanla, 0.9043 rg/l , is chosen. 

2.82 Nickel Criteria for Pennsylvania 

1. The Maximum Value Criterion 

The acute toxicity of Nickel has been related to the hardness in freshwater by an exponen- 
tial equation (U.S. EPA, 1980): 

do.78 In (hardness) + z] (2.18) 

Since hardness affects acute toxicity, the effect of hardness has to be removed from the labor- 
atory observed LC,, values. Instead of using observed L&s as the data base, the acute In- 
tercept Y is used. The acute intercept can bs viewed as the acute value In the absence of a 
hardness effect (Le., In (hardness) = 0). The national acute toxicity data for Nickel In the 
absence of a hardness effect is given In Table 2.8 where the values listed in the column “LC50” 
are species mean acute intercepts. Using this as the starting point and following the pro- 
cedure described in Section 2.8.1, the resident species toxicity data (Table 2.9) and the resi- 
dent family toxicity data (Table 2.10) are prepared. 

The four families most sensitive to Nickel in the State of Pennsylvania, their family mean 
acute Intercept (FMAI), rank (R), and cumulative proportion (P) are: 

R P FMAI 

WU 

Family 

: 0.07 0.14 
3 0.21 
4 0.29 

z 
5184 
5.99 

Daphnldae Ephemerellldae 
Centrarchidae 
Phllodinidae 
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Rank Lc50 

(roll) 

LN LC5g SNO Species 

1 
2 
3 
4 
5 
8 
7 
8 
9 

10 
11 
12 
13 
14 
15 
18 
17 
18 

ii 

ii 

53.9790 
70.4581 

~:~ 
301.5102 
388.3%5 
4019188 
439.8254 
440.2043 
4W.8418 

~~ 
827.1820 
858.5149 
884.8523 
721.1083 
731.3375 

1007.89 
1084.21 
1544.49 
2029.91 
2228.41 

3.9888 
4.3825 
533m 
5.4534 
5.7088 
5.9819 
5.w 
8.9984 
8.9872 
8.1239 
8.2278 
8.2330 
8.U12 
8.4900 

:z 
8:5949 
8.9154 
8.9888 
7.3425 
7.8157 
7.1081 

13.0 
15.0 
90.0 
33.0 

f :: 
2.0 

45.0 
73.0 

ii 
93:o 

ii:: 
24.0 

z-i 
87:0 
42.0 
52.0 

Cladocwan (Daphnla magna) 
Ciadoceran (Daphnia pullcarla) 
Rock Bass (Ambloplltes rupsstrls) 
Mayfly (Ephemerella subvaria) 
Striped Sass (Morone saxatllis) 
Pumpkinseed (Lepomls glbbosus) 
Rotffsr (Phllodfna acutlcomls) 
Midge (Chlronomus Sp.) 
Fathead Minnow (Plmephales promelas) 
Guppy (FoecIlIa reticulate) 
Cup (Cyprlnus CupW 
Biusgili (Lspomis macrochlrus) 
American Eel (Anguiila rostmta) 
Whlh Perch (Moron@ amerIcana) 
Scud (Oammarus Sp.) 
Brtstteworm (Nals Sp.) 
Snail (Amnlcola Sp.) 
Goldfish (Cams&us l uratus) 
OamseIfy (Unldentlfled) 
Caddlsfly (Unldsntlfled) 
Stonsfiy (Acroneuria lycorlus) 
Bandsd Killifish (Fundulus dlaphanus) 



Rank 

: 
3 

: 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
10 
17 
18 

Rank 

1 
2 
3 

: 
6 
7 

8 
10 
11 
12 
13 

Tsbk 29 PennsylvanIa Resldent Specks Toxkity Dats for Nkkel 

LC50 LN LC59 SNO Species 

IroW 

78.4561 
205.4833 

2; 
395.3505 
491.2168 
439.5254 
440.2043 

EZi 
627.1629 
658.5149 
554.5523 
721.1083 
731.3375 

1997.59 
1544.49 
2229.41 

4.3525 
5.3399 

X:Z 
5.9019 
5.9945 
6.0054 
6.9872 
6.2270 
6.2330 
6.4412 
6.4999 
6.4996 
0.5908 
6.5949 
6.9154 
7.3425 
7.7961 

15.0 
90.0 
33.0 
59.0 
92.0 

48 
73:o 
68.0 
93.0 
53.0 
55.0 
24.0 
4.0 

Ii:8 

Cladoceran (Daphnla pullcarla) 
Pock Bass (Ambloplites rupestris) 
Mayfly (Ephemerella subvarla) 
Striped Bass (Moron0 saxatllis) 
Pumpklnseed (Lepomis gibbosus) 
Rotlfer (Philcdlna acutlcomls) 
Mldge (Chlronomus Sp.) 
Fathead Minnow (Plmephales promelas) 
Carp (Cyprinus reticulata) 
Blue9lll (Lepomls macrochlrus) 
American Eel (Angullla rostrata) 
White Perch (Morone americana) 
Scud (Oammarus Sp.) 
Brlstleworm (Nals Sp.) 
Snail (Amnicola Sp.) 
Goldfish (Carasslus auratus) 
Caddlsfly (Unidentified) 
Banded Kllliflsh (Fundulus dlaphanus) 

Tabk 210 Pennsylvanls Rssldsnf Family Toxklty Data for Nkkel 

FLC59 

(ro/B 

LN(FLC59) FNO Family 

78.4559 
233.5559 
345.4717 
491.2168 
439.52!54 

~:~ 
627.1629 
554.5523 
721.1993 
731.3375 

1544.4888 
222541S9 

4.3625 
5.4534 
5.5449 
5.9945 
6.0554 
6.0994 
6.4101 
6.4412 
6.4996 
0.5506 
0.5949 
7.3425 
7.7951 

19 

ii 

J 
47 
40 
37 
25 
10 
12 
34 
44 

Daphnldae 
Ephemerellldae 
Centrarchldae 
Philodinidae 
Chlronomidae 
Perchlthyldae 
Cyprinldae 
Angulllldae 
Gammarldae 
Naididae 
Blthynlldae (Bullmldae) (Hydroblidae) 
Hydropsychldae 
Cyprlnodontldae 



with P calculated as iW(N + 1) whsre N Is the total number of families In the State data base, 
which Is 13 in this case. Substituting these values into equations 2.1 to 2.5, we obtain the 
following: 

M’ = 0.024 

K = 5.41 

J = 0.411 

A = 4.22 

The Final Acute intercept (FAI) Is: 

FAI = eA = 87.7 

and the Flnal Acute Equation Is: 

(2.18) 

(2.20) 

(29V 

(2.22) 

(2=23) 

FAV = FAI x do.78 In (ha~n~=Ol (2.24) 

FAV = 87.7 s-78 In (h~neW1 w5) 

or 

FAV = fl.78 In (hardness) + A] (2-m 

FAV = a.78 In (hardness) + 4.22) (291) 

Since the acute-ohronlc ratio for Nickel (19.4) Is greater than 2, the maximum value 
criteria (MVC) for Nickel for ths State of Pennsylvania Is: 

MVC = 33.8fi.78 In (had-)] (2-m 

or 

MVC = do.78 In (hardness) + 3.52) (2.W 

2 The 3ODay Average Criterion 

Ths chronic toxlclty of Nickel is related to hardness in freshwater In the same way as Is 
acute toxicity (Equation 2.18). The natlonal chronic toxlclty data base (Table 2.11) contains 



only two families which are indigenous to Pennsylvania (Cyprlnldae and Salmonidae), 
therefore, the FCV cannot be calculated from the State chronic toxicity data base. 

Tabk 211 Natfonai Chronk Toxklty Data for Nkfcd 

Rank FLCSO 

(ronI 

LN (FLC50) FNO Family 

1 25478 0.9351 19 Daphnidae 
2 7.4587 2.0094 40 Cyprtnidae’ 
3 17.8999 2.8848 38 Salmonldae’ 
4 23.7813 3.1889 34 Hydropsychldae 

‘Indigenous to Pennsylvania. 

The available acute-chronic ratio is 19.3 (see Table 2.1) which allows a Flnal Chronic Equa- 
tion to be calculated from the Final Acute Equation: 

FCV = FAV/(acute-chronic ratio) (2.31) 

With the State Flnal Acute Equation given by Equation 2.25, the State Final Chronic 
Equation Is defined as: 

87~~ FCV = me IO.78 In (hardness)] (2.32) 

FCV = 3.49eiO.78 In (ha~n-sll @33) 

or 

FCV = do.78 In (hardness) + 1.251 (2.34) 

Since thers is no FRV or FPV for Nickel, the Final Chronic Equation, which expresses the 
Final Chronic Value as a function of hardness, Is the Pennsylvania 3Oday average criterion 
for Nickel. 
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SECTION 3 

RESULTS 

3.1 SPECIES DISTRIBUTION BY STATE 

Much of the information used to recalculate water quality criteria by state is presented in Appen- 
dix B. Identification numbers assigned to the states and to families in the national data base are listed 
in Appendices B-1 and B-2, respectively. Species identification numbers and the corresponding famliy 
classifications are presented in Appendix B-3. State and species are listed by identification number in 
Appendices B-4 and B-5, and the distribution in the United States (Hawaii and Alaska are not included) 
of the 95 species in the national data bass is presented in Appendix B-5. 

A complete list of North American species used in toxicity testing (Appendix B-3) includes the 
taxonomic families into which each organism is classified. There are 58 families. The relationship of 
these families to the minimum data requirements, which are discussed in Section 2.1.1, is illustrated 
in Appendix B-6. 

The 58 families are arrayed in Appendix B-6 by ID number. The relationship of these families to the 
minimum data requirements may be determined by matching the code number in the Figure to each of 
the eight specified data requirements. Note that most of the families may satisfy more than one of the 
minimum data requirements. For example, after a member of the family Salmonidae has been 
selected, there are 14 families which satisfy the requirement for one other member of the class 
Osteichthyes, and 20 families remaining which satisfy the requirement for one other family in the 
phylum Chordata 

The total number of resident species in the each of 48 states ranges from 39 to 74, approximately 
40 to 70 percent of the total species in the national toxicity data base. New York has the greatest 
number of resident species while Florida has the least. Eighteen species are present in all 48 states: 

rotifer (Philodina acuticornis) 
rotifer (Philodina roseala) 
bristleworm (Nais sp.) 
worm (Limnodrilus hoffmoisteri) 
snail (Gyraulus circumstriatus) 
snail (Physa sp.) 
cladoceran (Daphnia pulex) 
cladoceran (Daphnia pulicaria) 
cladoceran (Simocephalus serrulatus) 
copepod (unidentified) 
scud (Hyallela azteca) 
damselfly (Ischnura sp.) 
midge (Chironomus plumsus) 



midge (Chironomus sp.) 
midge (unidentified) 
caddisfly (unidentified) 
carp (Cyprinus carpio) 
large mouth bass (Micropterus salmoides) 

There are several specks that are widely used in testing but whose actual distribution is limited. 
The planarian, Polycelis felina is indigenous only in Central Europe and is not pressnt in any of the 48 
states. (Kenk, personal communication, 1981.) The distribution in the United States of an often studied 
laboratory cladoceran, Daphnia magna, is limited. There is no valid record of the natural occurrence of 
Daphnia magna east of the Mississippi River. The known distribution of Daphnia magna in the United 
States is shown in Figure 3.1, which is modified from "The Systematics of North American Daphnia” 
(Brooks, 1957); the distribution range covers 14 of the western states. Daphnia pulicaria is recognized 
in Europe but is not Iisted in “The Systematics of North American Daphnia” (Brooks, 1957). Daphnia 
pulicaria and Daphnia pulex are extremely simliar in their taxonomy (Herbert, P., personal communica- 
tion, 1981.) in this study, it is assumed that Daphnia pulex, which commonly occurs In the states, is the 
same as Daphnia pulicaria. 

3.2 STATE WATER QUALITY CRITERIA 

The state water quality criteria which result from application of the recalculation method are 
presented in this report in two formats: first by chemical (Appendix C) and second by state (Appendix 
D). The state maximum criteria were calculated whenever the stats toxicity data bases contained four 
or more families. Since the revised methodology calls for a regression of four data points, the national 
value was adopted as the state value whenever the state toxicity data comprised fewer than four 
families. 

In calculating the national maximum value criteria, the minimum data requirement was met by 
only five chemicals (DDT, Cadmium, Chromium, Copper and Zinc). Those elements of the minimum 
data requirement which were not satisfied, for each chemical of interest, are indicated In Table 3.1. 
The national toxicity data bases for ten chemicals (Aldrin, Chlordane, Dieldren, Endosulfan, Endrin, 
Heptachlor, Lindane, PCB, Toxaphene and Arsenic) include no families In phyla other than Arthropoda 
or Chordata The data bases for nine chemicals (Chlordane, Heptachlor, Lindane, PCB, Cyanide, 
Arsenic, Lead, Selenium and Silver) include no order of Insect other than the one used to meet require- 
ment 6, nor do they include any phyla other than Arthropoda, Chordata and one phylum used to meet 
requirement 7. Data bases of specks for seven of the chemicals fail to meet one requirement and nine 
of them fall to meet two. Ninety-seven (97) percent of the state data bases for calculating the state 
maximum value criteria do not meet the minimum data requirements. Since the state toxicity data are 
always a subset of the national toxicity data, the cause of an inability of most state data sets to meet 
the minimum data requirements is insufficient data In the national toxicity data base. 

The use of the tables In Appendices C and D Is straightforward. For Instance, the water quality 
criteria for Lindane for the State of Michigan may be obtained from tables of Lindane In Appendix C or 



Flgun 3.1 Dl8tttbution of Oaphnk mrgnr in the United Stat08 (Modiflod from Brooks, 1957) 



Tabk 3.1 YInhum Data Roqulrwnonb Whkh Are Not Met 
By TM Natkd Toxklty Data Baw 

Crtterla 

ChemkaIName 1 2 3 4 5 6 7 8 

Aldftn 
ctlkfdule 
Dtddrtn 

Endooulfu, 

$Lhkx 
undane 

X’ 

X X 

X 

X 

X 

X X 

X X 

X X 

X 

X 

X X 

X X 

‘Tfw o&M crttula of the mlnlmum data mqulmnonta: 

1. Ttm funlly satmown In the clan Ostekhthyu. 
2 OnoothuhmllyInthoclanOatokhthyu. 
3. onoothufunlfylnthophytumctKudaw 
4. Aphnktonk cruawen (0.9. -, cl-, of copwod). 
5.Abenthkcrwtawan (e.g., cnytkh, I~, ortnood, acud or glu, 

-mE 

a ky0th~0fd~0fi~0r~oompnyl~n. 

“Y Indkata orttukn Is not Ntbfkd. 



tables for Michigan in Appendix D. The maximum value criterion is 8.60 pgil, which was obtained by 
dividing the State Final Acute Value by 2; the 3Oday average criterion Is 0.528pgil which was derived 
by dividing the State Final Acute Value by acutechronic ratio of 25 (see Table 2.1). Other useful infor- 
mation is also available in these tables. The total number of families in the State resident data base 
for Michigan is eight. The four most sensitive families and their FMAVs are: 

Family 
FMAV 
(rm 

Salmonidae 21.99 
Gammartdae 22.44 
Centrarchldae 42.20 
lctalurldae 53.07 

One may immediately infer from this Information that the Michigan FAV for Llndane Is lower than 
the family mean acute value of the most sensitive family (21.99 pgil for Salmonldae). Since the FAV is 
the value which corresponds to the fifth percentile, then the FAV should be less than the family mean 
acute value of the most sensitive family if the total number of resident famllles Is less than 20. 

In all cases, except for those contalnlng less than four resident families, the maximum criteria 
may be calculated based on the information given in these tables. Take the maxlmum value crttsrton 
of Llndane for Mlchlgan as an example, with a total of eight resident families and mean acute values 
for the four most sensitive of 21.99, 22.44,42.20 and 53.07 pgil. The coefflclents needed for the FAV 
can be calculated by substituting these values Into equations 2.1 to 2.5, yielding: 

M’ = 0.104 (3-l) 
z = 3.48 (32) 

Y = 0.51 (3.3) 
A =2.58 (3.4) 

The FAV is: 

& = e2-s = 13.2 pgil (3.5) 

The acute-chronic ratio ranges from 3 (Mercury) to 122 (Cadmium), for the 21 chemicals (see footnote 1 
of Table 2.1). In other words, the acute-chronic ratios are greater than 2 for all of the chemicals studied. 
The maximum value criterion, which is defined as the FAV divided by the smaller of (a) 2 or (b) the 
acute-chronic ratio, may be simply defined as the FAVIO. The maximum value criterion of Lindsne for 
Michigan is therefore defined as: 

FAVi2 = 13.212 = 8.8 pgil (3.8) 
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In selecting the 3Oday average crltsria, the Information presented in Tabk 2.1 is ussd. The acute 
chronk ratk Is 25.0 which yldds the final chronic vatus of 0.528 &I. Compartng this vatue wlth the 
avatiabk FRV of 100, ths 2Gday average crtterkn Is chossn as 0.528 d. Ths flnat sekctkn of the 
3Way average crtterkn is indkatsd In ths column (+ +). An %CR” means that the value was ob 
talned by dtvldlng the FAV wlth ths acuts-chronic ratk; “FCV” indkates that the vaiw was cakukted 
from the chronk toxklty data base; “FPV” Indkates that the vatw was ths Find plant Value; “FRV” 
indkates the Flnal Resldw Valw; and “SCV”represent8 ths value as the chronic value of important 
speciea 

Whenever the acute toxicity data bsse does not meet the minimum data requirements, a star (‘) lo 
prtnted next to the maxlmum vatw crtterkn. If the State data set contains less than four families, “**” 
Is prtnted and the national maximum valw crltsfla is prtnted as the state maximum valw criterion. 
Ths state has three optlons In these cases: to uss the calculated valw given in the table; to use the na- 
tional crtterlon; or to conduct addltlonal toxicity tests of additional species so that the state toxicity 
data base Is adequate to meet the mlnlmum data requirements, and then calculate the criterta. For 
mars dstailsd informatlon on meeting the mlnlmum data requirements (so as to dectde the test 
specks for additional tests), a state may refer to the lnformatlon given In Appendix E. In Appendix E, 
the state and chsmkal as wdl as ths crtterta of ths mlnlmum data requirements are atI represented by 
their ID numbers. Appendix S-1 may be used for rsfersnce. 

One of the minimum data rsqulrements is “the family SatmonMae.” Satmontd ftsh are not 
indtgenous in four States: Fkrtda, Kansas, Texas and Mlssisslppl. Ths approach taken In this study 
was to relieve these four statss from the nscessity of meeting this requirement. Thsse four are in- 
dkatsd by a W’ sign to the left of the state’s name. 

For the six chemkals (Cd, Cu, Pb, Ag, Nl and Zn) whose acute toxicity Is dependent on hardness 
In water, the values shown In the column “LC50 Value” and the maximum value criteria shown In the 
tabks of Appendices C and D refer only to the acute Intercepts, that is, the value at zero hardness ef- 
fect. in order to set approprtate criteria for different hardness conditions, a state should multlply the 
maxlmum valw crttsrta (CR) shown In Appendkes C and D by the hardness dependents function: 

VCR = CR x exp(v In (H)), pail 0.7) 

where VCR = maxlmum valw criteria for a hardness concentration of H mg/l as CaCO, 
V = the mean acute slope (shown at the bottom of Table 1 of the criteria 

document), 

H = amblent hardness concentration In mg/l CaCO,. 

Equation (3.7) may be wrttten as: 

VCR = exp((v In (H) + z] Q-e) 



with 

z = In (CR) (3.9) 

Table 3.2 presents a tabulation of v (the slope) and t (the log Intercept) for the maximum value criteria 
for the six hardness dependent chemicals. 

if the state 3Oday average crlterton for Lead is chosen as the Final Chronic Value calculated from 
the chronic toxicity data bass (thoss noted with FCV), then the values shown in both Appendices 
should be muitiplled by the hardness dependence function to account for hardness variability (Equa- 
tion 3.7) with v equal to 235 (U.S. EPA, 1980). For example, the 3Way average Lead criteria for New 
York Is 0.00004 exp(2.35 (In (Hardness)] which yields a value of 0.39 pgil for a hardness of 50 mgil 
taco,. 

For those cases in Appendices C and D In which the tabulated 3Oday average crtterton for these 
SIX chemicals is denotsd by ACR (meaning the value is the quotient of the FAV divided by the acute. 
chronic ratlo), an sdjustment must bs made to reflect amblent hardness. In these cases, Equation 3.7 
should be used, in which the tabulated Xktay value is substituted for CR and the result (VCR) 
becomes the X&day average crlterlon. For example, the 3Gday average Cadmium criterion for New 
York should be O.WO4 exp(l.g!j In (Hardness)], where 0.04 Is taken from Appendix C or D, and 1.05 Is 
taken from Table 32. If the ambient hardness is 5g mg/l as CaCOI, the 3May average Cadmium 
criterion for New York becomes 0.0243 pgil. 

There are two chemicals (Copper and Lead) whose national 3Way average crtterta are calculated 
from the chronic data base. Of these, the chronic toxicity for Copper Is independent of hardness 
whereas Lead is dependent on hardness (see Table 2.1). 
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SECTION 4 

DISCUSSION 

The minimum data requirement, which was discussed earlier, specifies toxicity test results for at 
least eight different families. The Intent of this requirement Is to assure that the organisms considered 
In a criterion calculation represent a variety of dissimilar organisms commonly found In the aquatic 
environment. The calculation Itself Is performed on the four most sensitive of the eight families which 
are required to satisfy the minimum data requirement. 

Over 1,000 cases were considered In this study In order to recalculate criteria for each of 21 
chemicals for each of 48 states. The minimum data requirement could not be satisfied In 97 percent of 
the combinations of state and chemical examined. In some cases, the minimum data base cannot be 
met. According to the literature on species distribution, for example, salmonids simply are not found 
In four states: Florida, Kansas, Mississippi and Texas. 

For those cases In which the minimum data base could not be satisfied, criteria were calculated 
nevertheless If there was Information available on at least four families. There were 16 chemicals for 
which toxicity test data were available for at least four families In each state. For many states, 
however, there were Insufficient data for the five remaining chemicals (Arsenic, Chlordane, Endo- 
sulfan, Lead and Mercury) to apply the revised methodology. When a state criterion could not be cal- 
culated, the national criterion was adopted. This occurred in approximately five percent of the cases 
examined. 

The recalculated state maximum value criteria are compared qualitatively with the national 
values in Table 4.1, and the 30-day average values are compared in Table 4.2. In examining a single 
chemical, the state criteria tend to be either predominantly more stringent or predominantly less 
stringent than the national value for a given pollutant. The recalculated criteria are more stringent in 
65 percent of the cases. 

The state-specific criteria which were calculated after removing non-resident families are 
presented in Appendix C by chemical and in Appendix D by state. in each case the national criteria 
and the state criteria are tabulated together with the number of families in the national data base 
which are resident in a given state, and the names of the four families used to recalculate the criteria. 
The national value was used as a state value whenever fewer than four families were available. 

The information in these Appendices, which should be of immediate use to the states, reflects 
the extent of and the limitations imposed by the national data base as constituted when this work was 
done. The national data base is not a finished product by any means, however, and EPA is continually 
adding new information. 

For those cases in which the minimum data requirement was not satisfied, the addition of toxicity 
data for new families should improve the quality of recalculated stats-specific criteria. Given the large 
number of combinations of state and chemical for which the minimum data requirement could not be 
met, it is not likely that the national data base will soon be extensive enough to serve all the states for 
all the toxic chemicals. This being the case, a state might find it expedient to run selected bioassays 
in order to augment the data base for a specific pollutant. By comparing the minimum data require- 
ment with the information in Appendix E, state biologists should be able readily to determine those 
families for which additional toxicity test results are indicated. 

Cl 



Table 4.1 Comparison of National and State Maximum Value Criteria 
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Table 4.2 Canparleon of National and State 3O=Day Awngo Crltoda 
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